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PURPOSE. To investigate whether the effect of metabolic syndrome (MetS) and its components on the incidence of different cataract subtypes (cortical, nuclear, and posterior subcapsular cataract [PSC] ) change with time.
METHODS.
A prospective cohort of persons 49 years of age and older were followed over 10 years in the Blue Mountains Eye Study, west of Sydney, Australia. MetS components as defined by the International Diabetes Federation criteria were measured at baseline (1992-1994), after 5 years (1997-1999), and after 10 years (2002) (2003) (2004) . The incidence of different cataract subtypes was obtained from standard photographic grading at these intervals (n ¼ 1997). Using a random-effects complementary log-log regression model with time to cataract development in discrete time interval, we estimated the effect of MetS and its components on the incidence of different cataract subtypes at different time intervals.
RESULTS.
After accounting for changes in MetS components over time and controlling for possible confounders, MetS was found to be associated with an increased 5-year incidence of cortical cataract (hazard ratio [HR] 1.48; 95% confidence interval [CI], 1.05-2.09) and PSC cataract (HR 1.75; 95% CI, 1.01-3.04). Among the five MetS components, high glucose and obesity predicted an increased 5-year incidence of cortical cataract. In addition, low high-density lipoprotein and high glucose were associated with an increased 10-year incidence of cortical and PSC cataracts, respectively. A ge-related cataract is a leading cause of blindness and poor vision and a major public health concern globally. 1 Metabolic syndrome (MetS) represents a cluster of these metabolic abnormalities involving central obesity, dyslipidemia, hyperglycemia, and high blood pressure (BP). 2 A few studies have investigated the association between cataract and MetS, and whether some individual components are more important risk factors than others for specific cataract subtypes. The Blue Mountains Eye Study (BMES) previously examined baseline MetS with glucose as a mandatory component based on the World Health Organization (WHO) criteria, in relation to 10-year cumulative incidence of the three principal cataract subtypes (i.e., cortical, nuclear, and posterior subcapsular [PSC] ) and showed that MetS was associated with an increased risk of all three cataract subtypes. 3 A recent crosssectional study in Singapore confirmed the relation between baseline MetS, defined by the Third Report of the National Cholesterol Education Program Adult Treatment Panel (ATP-3) and cortical cataract, but not between MetS and either nuclear or PSC cataracts. 4 Other studies have reported that baseline body mass index (BMI), high BP, or diabetes 3,4 is associated with age-related cataracts, whereas elevated serum triglyceride (TG) was a predictor of cataracts among females in another study. 5 However, there are a number of unanswered questions. First, previous studies used different definitions for MetS, that is, European Group for the Study of Insulin Resistance (EGIR), WHO, and ATP-3, and it has been reported that these definitions were not as successful in predicting diabetes, cardiovascular disease, and other health outcomes. [6] [7] [8] [9] Thus, in this study, we define MetS based on the International Diabetes Federation (IDF) 10 criteria. This is a diagnostic tool for both research purposes and clinical practice, which can be used relatively easily in any country by any physician to identify patients at increased risk of developing health-related outcomes. 2 Moreover, previous studies suggested that IDF provides more reliable criteria for diagnosing MetS in a predictive model for coronary clinical status in type 2 diabetes populations. 11, 12 Second, previous studies, including an earlier report of BMES, 3 used only MetS data at baseline in the evaluation of its relationship with cataracts. However, experimental studies in rats and humans have shown that the effect of glucose and lipid abnormalities on cataract formation may change over time 12, 13 ; therefore, this underscores the importance of collecting further information on glucose and lipid abnormalities beyond baseline measurements to better detect cataract formation.
CONCLUSIONS. Changes in MetS predicted
To our best knowledge, this is the first study to have fully utilized the information on MetS and its components that were collected not only at baseline but also at subsequent follow-up visits (i.e., after 5 and 10 years) to examine the risk of different cataract subtypes. Further, since the outcome, different cataract subtypes, was measured in a discrete time interval, we implement the random-effect complementary log-log regression since it may be more appropriate for detecting stronger and more robust relationships 14, 15 between individual MetS components, than the logistic regression as used in previous studies. Thus, to evaluate the effect of MetS and its components on the incidence of different age-related cataract subtypes (i.e., cortical, nuclear, and PSC) more precisely, and to determine whether these associations changed with time, we utilized full information that was collected at each follow-up and implemented appropriate statistical models to better describe the relationships.
METHODS

Study Design and Participants
The BMES is a population-based prospective cohort study of vision, common eye diseases, and other health outcomes in a suburban Australian population west of Sydney, Australia. 16 Between 1992 and 1994, noninstitutionalized permanent residents 49 years of age and older were invited to participate, and were requested to return for follow-up examinations after 5 (1997-1999 ) and 10 years (2002) (2003) (2004) . The recruitment details have been described elsewhere. 3, 16, 17 The BMES, approved by the Human Research Ethics Committee of the University of Sydney, was conducted according to the Declaration of Helsinki. Written informed consent was obtained from all participants at each examination. 16 At each visit, trained interviewers completed a comprehensive questionnaire comprising demographic information, eye, and general medical history, including hypertension, diabetes, and preexisting diseases (i.e., angina, acute myocardial infarction [AMI] , and stroke), as well as medication used. Height, weight, and seated BP 18 were measured. Fasting pathology tests, including high-density lipoprotein (HDL) cholesterol, TG, 19 and fasting blood sugar (FBS), 20 were also measured within 2 months of each interview. In addition, information on smoking (never, former, and current smoker) and alcohol intake were collected. Moreover, history of eye diseases including cataract, age-related macular degeneration (AMD), myopia, glaucoma, as well as family history of eye disease or blindness were obtained and recorded. 3 Eye iris color and skin suntanning characteristics were also estimated on a 4-point scale (always burn, never tan; usually burn, tan with difficulty; burn and tan above average; rarely burn, tan above average). 21 
Cataract Grading
Detailed cataract grading was performed according to definitions described previously. 3 Briefly, the population at risk for cataract comprised participants who had at least one follow-up visit, but whose lens photographs were retrospectively shown not to show signs of cataract at baseline. They also had complete information to define MetS at baseline. Different subtypes of cataract were determined using standard photographic grading at each of the three examinations. The Wisconsin Cataract Grading System was used to perform masked grading of the lens photographs. A 5-point scale was used to assess the presence and severity of nuclear cataract. Nuclear cataract was defined as nuclear opacity worse than standard 3. The extent of cortical or PSC cataract was determined by estimating the lens area involved in segments of a circular grid overlaying the photographs. Cortical opacity involving at least 5% of the total lens area or the presence of any PSC opacity was used to define the presence of the respective cataract subtypes. 3 Thus, distinct types of cataract were categorized and analyzed independently.
Definition of Metabolic Syndrome
Metabolic syndrome was defined according to IDF criteria 22 as obesity (BMI > 30 kg/m 2 ) plus any two of the following four factors: serum TG level ‡ 1.7 mM or specific treatment for this lipid abnormality; serum HDL cholesterol < 1.03 mM in males and <1.29 mM in females, or specific treatment for this lipid abnormality; systolic BP ‡ 130 mm Hg or diastolic BP ‡ 85 mm Hg, or treatment of previously diagnosed hypertension; or fasting plasma glucose ‡ 5.6 mM, or previously diagnosed type 2 diabetes.
In this study, the baseline MetS components were measured and recorded when the participant entered the study, and again at the 5-and 10-year examinations after first recruitment. Data are therefore available on how MetS and its components change in each subject throughout the study.
Statistical Analysis
The v 2 test and independent sample t-test were used to determine the relationship between categorical and continuous covariates included in this study and the 10-year cumulative incidence of cataract, respectively.
Because an individual's MetS status as well as cataract status were prospectively evaluated at predefined time intervals (i.e., baseline, 5-year, and 10-year), the exact time that cataract-the outcome of interest-developed was therefore not known. Such information was interval censored, and thus the effect of 10-year changes in MetS and its components on the incidence of each cataract subtype was modeled using a random-effects complementary log-log regression model. 14, 15 This statistical technique is readily available for survival analysis with discrete time and is one of the most frequently used discrete-time hazard functions. 23 In this study, the outcomes of interest, that is, time to development of different cataract subtypes, were included in the model based on discrete time intervals (i.e., 0-5 years or 5-10 years), in accordance with the follow-up schedule. This approach includes indicator variables for the examination time interval (0-5 and 5-10 years) as covariates. 14, 15, 24, 25 The randomeffects model accounts for possible intrasubject correlation in the assessment of MetS and its components, which were repeatedly measured at baseline, 5 years, and 10 years. Of note, when the dichotomous outcome is rare, the complementary log-log regression is more appropriate. However, Nelder (2001) 26 and Hardin and Hilbe (2007) 27 have suggested that when a binary outcome is common, the complementary log-log regression model may also fit the data well.
Age, sex, smoking, preexisting disease (i.e., angina, AMI, and stroke), family history of eye disease (i.e., cataract, AMD, myopia, glaucoma, and blindness), history of eye disease (i.e., AMD, myopia, and glaucoma), eye iris color, and skin sun-tanning characteristics were considered as possible confounders in the model building. Furthermore, we included interactions between MetS (as well as its components) and the time interval to evaluate whether its relationship with the different cataract subtypes varied according to time interval (i.e., 5-and 10-years). 24, 25 We further explored possible interaction between age and sex with MetS and its components. It should be noted that for each cataract subtype, the control group included participants without the same cataract subtype. All statistical evaluations were made assuming a two-sided test based on a 5% level of significance (STATA, version 11; StataCorp, College Station, TX).
RESULTS
Description of Study Population
A total of 1997 subjects with complete information for the study factors at baseline contributed to the analysis of agerelated cataract. Of these, 1820 individuals contributed information for the analysis of cortical cataract, 1357 for nuclear cataract, and 1962 for PSC cataract. Table 1 presents the baseline characteristics for the study subjects according to the cumulative incidence of cataract at 10 years. Over the 10-year follow-up, 857 persons (42.9%) with incident cataract were detected. Of these, 455 (25.0%) were cortical cataract, 436 (32.1%) were nuclear cataract, and 135 (6.9%) were PSC cataract. Of the 455 persons with incident cortical cataract, 252 (53.2%) had more than 5% and less than 10% severity and 213 (46.8%) had 10% or more severity in the worse eye. Of the 135 persons with incident PSC cataract, 104 (77.0%) had less than 5% severity and 31 (23.0%) had 5% or more severity in the worse eye. The mean age of participants was 63.9 years (standard deviation [SD], 8.3) with a female predominance (57.7%). Table 2 shows the changes in MetS and its components over the 10-year study follow-up. Of those included in the analysis, prevalent MetS increased slightly to 16.6% (95% confidence interval [CI], 14.9%-18.3%) after 5 years follow-up from 12.3% (95% CI, 10.9%-13.8%) at baseline, and was 12.8% (95% CI, 11.1%-14.6%) after 10 years ( Table 2 ).
The Figure shows the changes in MetS and its components at baseline, 5-year, and 10-year follow-up among individuals with different cataract subtypes. Generally, a lower proportion of individuals with nuclear cataract had MetS or its components as compared with cortical or PSC cataract. MetS increased from baseline to 5-year follow-up and decreased by 10-year follow-up among all three subtypes of cataract.
MetS and Its Components and the Incidence of Age-Related Cataract
We found MetS (hazard ratio [HR] 1.48; 95% CI, 1.05-2.09), BMI > 30 (HR 1.59; 95% CI, 1.16-2.17), and elevated glucose (HR 1.60; 95% CI, 1.15-2.23) to be associated with increased 5-year incidence of cortical cataract, whereas low-HDL cholesterol (HR 1.57; 95% CI, 1.10-2.24) was associated with an excess in incidence of cortical cataract at 10-year follow-up (Table 3) .
However, there was no association between MetS or any of its components with the incidence of nuclear cataract at either 5 or 10 years, even after accounting for information on MetS and its components at baseline and follow-up visits as well as controlling for confounders.
Conversely, MetS was associated with an increase in 5-year incidence of PSC cataract (HR 1.75; 95% CI, 1.01-3.04), whereas elevated glucose was associated with an increase in 10-year incidence of PSC cataract (HR 1.90; 95% CI, 1.01-3.61) ( Table 3) .
DISCUSSION
In this prospective cohort study of an Australian white population participating in the BMES, we found the following: First, after accounting for baseline and further follow-up information on MetS and its components as defined by the IDF criteria, MetS, elevated glucose, and BMI levels >30 contributed to an increase in 5-year incidence of cortical cataract, whereas low-HDL cholesterol was linked to an increase in 10-year incidence of cortical cataract. Second, MetS and elevated glucose were positively associated with the incidence of PSC cataract at 5-and 10-year follow-up, respectively.
The association between elevated glucose and incidence of cortical and PSC cataract at different time intervals suggests that FBS levels best predicted late incidence of PSC cataract and early incidence of cortical cataract. Mechanisms connecting hyperglycemia with cataract include advanced glycation of lens proteins, 28 hyperosmotic effects of sorbitol on lens fibers via the aldose reductase pathway, 29 with induction of apoptosis in lens epithelial cells leading to the development of cataract. 30 Additionally, our study demonstrated that BMI levels >30 predicted the 5-year incidence of cortical cataract, suggesting FIGURE. Changes in metabolic syndrome and its components at baseline, 5-year, and 10-year follow-up among individuals with cortical, nuclear, and PSC cataract. that the contribution of obesity to cortical cataract formation may reduce over time. In the Singapore Malay Eye Study and another study by Lim et al., 31 baseline BMI levels have been shown to contribute to a higher risk of cortical cataract 4 and PSC cataract. 31 The underlying mechanism behind the relationship between obesity and cataract is unclear. 32 To date, there has not been any study that examined how changes in BMI over time would affect cataract formation. However, it has been suggested that obesity was related to cataract by its associated complications such as diabetes, glucose intolerance, insulin resistance, and hyperlipidemia. 32 Moreover, it has been shown that the relationship between glucose and cholesterol with cataract formation changed over time. 12, 13 Therefore, this may partly explain why the relationship between obesity and incidence of cataract may also change with time.
Moreover, our finding has shown an association between low-HDL cholesterol and an excess in 10-year incidence of cortical cataract, suggesting that it takes a longer observation time for low-HDL cholesterol to be confirmed as a predictor of cortical cataract. A previous BMES report, which considered only baseline information using logistic regression, 3 failed to detect such a relationship. This finding thus suggests the importance of full utilization of baseline and follow-up data, to better describe the discrete time to development of cataract using a complementary log-log model. Studies have suggested that inflammation and oxidative stress resulting from low-HDL cholesterol levels might contribute to cataract formation. [33] [34] [35] Finally, as a specific entity, our finding demonstrated a positive association between MetS and 5-year incidence of cortical and PSC cataracts. In particular, MetS as a whole rather than its individual components, best predicted PSC cataract at 5 years. Interestingly, when we considered only the effect of MetS components at baseline (data not shown) without accounting for its changing status at follow-up, we did not detect any effects of BMI or low-HDL cholesterol on cortical cataract, even after adjusting for age, sex, eye diseases, and preexisting disease status. Therefore, the effects of MetS and its components on the incidence of cortical cataract at different time intervals would not have been detected if we had only utilized the baseline data.
However, based on a previous report of BMES, 3 MetS as defined by the WHO criteria, was a predictor of nuclear cataract, whereas our study did not confirm this association. We did an analysis of the data based on MetS defined by WHO criteria, which was used by a previous report of BMES. Using a complementary log-log regression model, the results of MetS defined by the IDF and WHO criteria were the same for nuclear cataract (result not shown). Therefore, this difference may be due to differences in technique and sample size. Moreover, obesity has been shown to have a different pattern in its relation with nuclear cataract, with a lower BMI level being an independent risk factor for nuclear cataract. 32 This suggests the possibility of distinct etiologic pathways for different cataract subtypes. 32 Since obesity was a mandatory component in defining MetS in our study, this may partially explain why there was no effect of MetS on nuclear cataract.
The strengths of this study include (1) its representative elderly Australian population, (2) high-quality data collection, (3) population-based study of long-term incidence of cataract, (3) full use of MetS data at each visit, (4) applying a randomeffects complementary log-log regression model that can detect stronger and more robust relationships 14, 15 between individual MetS components and cataract subtypes where occurrences are measured in discrete time interval, and (5) cataract diagnosis based on standardized lens photographic grading, which has been shown to have high reproducibility. 17, 36 However, some drawbacks should also be noted. Statistical significance was not achieved for the relationship between MetS components and PSC cataract, mainly because of the lack of statistical power due to the limited number of PSC cases. This warrants further investigation in studies with more PSC cases.
In conclusion, changes in MetS predicted the 5-year incidence of cortical and PSC cataract. Different MetS components predicted the incidence of cortical and PSC cataracts at varying time intervals. This underscores the importance of fully accounting for the data on MetS components collected at each follow-up visit for physicians to better predict the risk of different cataract subtypes in older persons at varying time intervals.
